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(54) SHEET HAVING POWDER COATED THEREON, AND PRODUCTION AND USE THEREOF 



(57) The invention provides a sheet coated with a 
powdery coating composition comprising a substrate 
and a porous and continuous resin layer provided on the 
substrate, the resin layer comprising particles of the 
powdery coating composition having an average parti- 
cle diameter of 0.1 to 30 *im and inorganic fine particles 
having an average particle diameter of 1 nm to 1 jim 
and dispersed between the particles of powdery coating 
composition to form space at least in part therebe- 
tween. The sheet is suitably used as an image-receiving 
sheet for an ink-jet recording. 



The sheet can be obtained according to the inven- 
tion by mixing a powdery coating composition having an 
average particle diameter of 0.1 to 30 u.m with inorganic 
fine particles having an average particle diameter of 1 
nm to 1 jim to form a powdery mixture, dry-coating the 
powdery mixture on a substrate, melting the powdery 
coating composition by heating, and fixing the coating 
composition together with the inorganic fine particles on 
the substrate to form a resin layer comprised of the pow- 
dery coating composition. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a sheet coated with a powdery coating composition, and its production and 
use. More particularly, it relates to a sheet coated with a powdery coating composition, comprising a substrate and, a 
porous and continuous resin layer comprising particles of a powdery coating composition with space therebetween pro- 
vided on the substrate, and its production and use particularly as an image-receiving sheet for a water based ink-jet 
recording. 

DESCRIPTION QF PRIOR ART 

[0002] Various recording systems have hitherto been known, and there has widely been used a water based ink-jet 
recording system for ejecting ink directly through a nozzle towards an image-receiving sheet, thereby to adhere ink and 
to record an image, recently. 

[0003] This image-receiving sheet for a water based ink-jet recording has hitherto been formed by wet-coating a solu- 
tion prepared by mixing a water-soluble or water-swelling resin, an inorganic pigment (such as silica) and other addi- 
tives, on a substrate, drying the solution thereby to form a resin layer on the substrate, to disperse the inorganic pigment 
in the resin layer and to form a porous resin layer containing micropores therein. When the image-receiving sheet 
receives water based ink-jet ink, the ink is absorbed both in the micropores and resin thereby to form an image on the 
image-receiving sheet. In such way, a high-quality recording image could have hitherto been obtained by an ink-jet 
recording system using a specially prepared image-receiving sheet 

[0004] In such a specially prepared exclusive image-receiving sheet, however, an ink-receiving layer is formed by wet- 
coating a resin and other additives on a substrate, and hence, an environmental consideration is required on removal 
of the solvent Furthermore, the resin to be used is limited as described above and the resulting image-receiving sheet 
is expensive because of many production processes and the use of an organic solvent. 

[0005] The present inventors have intensively researched the production of an image-receiving sheet for an ink-jet 
recording by dry-coating of a powdery coating composition, not wet-coating. As a result, they have found that, it is pos- 
sible to form, on a substrate, a porous and continuous resin layer comprising particles of a powdery coating composition 
and inorganic fine particles dispersed between the particles to form space at least in part between the particles of the 
powdery coating composition so that the particles of the powdery coating composition are apparently isolated at least 
in part from each other by the inorganic fine particles, by mixing the powdery coating composition with the inorganic fine 
particles in a predetermined ratio to form a powdery mixture, coating the powdery mixture on the substrate, melting the 
coated powdery mixture by heating and fixing it. 

[0006] The present inventors have found that such an image-receiving sheet for an ink-jet recording having a resin 
layer as an ink-receiving layer can be produced simply at low cost by using any resin with no restriction. Moreover, such 
an image-receiving sheet for an ink-jet recording is superior in permeability and absorbency of jet printing ink and a 
clear image having high density is formed by the image-receiving sheet for an ink-jet recording, thereby making it pos- 
sible to obtain a high quality ink-jet recording image. Thus, the present invention has been accomplished. 
[0007] Therefore, it is an object of the present invention to provide a sheet coated with a powdery coating composition 
whose resin layer on a substrate has a specific structure, a method for the production and use thereof, particularly an 
image-receiving sheet for an ink-jet recording. 

[0008] Furthermore, the present inventors have found that it is possible to obtain an image-receiving sheet for an 
inkjet recording, capable of forming a clearer and more accurate image having higher density, by forming on a substrate 
a porous and continuous resin layer composed of particles of a powdery coating composition and a first inorganic fine 
particles dispersed between the particles to form space at least in part between the particles of the powdery coating 
composition, and further faming a surface layer composed of a second inorganic fine particles on the resin layer. Thus, 
the present invention has been accomplished. 

[0009] ft is a further object of the invention, therefore, to provide an image-receiving sheet for an ink-jet recording, 
capable of forming a clear and accurate image having high density, which comprises a substrate and, a porous and con- 
tinuous resin layer provided on the substrate, the resin layer comprising particles of a powdery coating composition and 
a first inorganic fine particles dispersed between the particles and forming space at least in part between the particles 
of the powdery coating composition, the sheet further comprising a surface layer comprising a second inorganic fine 
particles on the resin layer, and its production. 

SUMMARY OF THE INVENTION 



[001 0] According to the present invention, there is provided a sheet coated with a powdery coating composition, com- 




I 



EP 0 982 120 A1 




prising a substrate and a porous and continuous resin layer provided on the substrate, the resin layer comprising parti- 
cles of the powdery coating composition having an average particle diameter of 0.1 to 30. urn and inorganic fine 
particles having an average particle diameter of 1 nm to 1 jim dispersed between the particles of the powdery coating 
composition and forming space at least in part between the particles of the powdery coating composition. 
[001 1] Such a sheet coated with a powdery coating composition of the invention can be suitably used as an image- 
receiving sheet for an ink-jet recording. 

[001 2] Such a sheet coated with a powdery ooating composition can be obtained by mixing a powdery coating com- 
position having an average particle diameter of 0.1 to 30 \nm with inorganic fine particles having an average particle 
diameter of 1 nm to 1 pm to form a powdery mixture, dry-coating the powdery mixture on a substrate, melting the pow- 
dery coating composition by heating, and fixing the melted powdery coating composition on the substrate together with 
the inorganic fine particles to form a resin layer having at least in part space between the particles of the powdery coat- 
ing composition, in accordance with the invention. 

[001 3J Further according to the invention, there is provided an image-receiving sheet for an ink-jet recording, com- 
prising a resin layer having a thickness of 1 to 1 00 Mm and a surface layer comprising inorganic fine particles having an 
average particle diameter of 1 to 50 nm formed on the resin layer, the resin layer comprising particles of a powdery coat- 
ing composition having an average particle diameter of 0.1 to 30 nm and containing a resin and a colorant. 
[0014] Such an image-receiving sheet for an ink-jet recording can be obtained by a method comprising the steps of 
dry-coating particles of a powdery coating composition having an average particle diameter of 0.1 to 30 nm and con- 
taining a resin and a colorant, on a substrate to form a resin layer, forming a surface layer comprising inorganic fine par- 
ticles having an average particle diameter of 1 to 50 nm on the resin layer, fixing the resin layer on the substrate, and 
fixing the surface layer on the resin layer. 

[001 5] Particularly, a preferred image-receiving sheet for an ink-jet recording according to the invention comprises a 
substrate and, a porous and continuous resin layer provided on the substrate, the resin layer comprising particles of a 
powdery coating composition having an average particle diameter of 0.1 to 30 nm and containing a resin and a colorant, 
and a first inorganic fine particles having an average particle diameter of 1 nm to 1 nm dispersed between the particles 
of the powdery coating composition to form at least in part space therebetween, the sheet further comprising a surface 
layer comprising a second inorganic fine particles having an average particle diameter of 1 to 50 nm on the resin layer. 
[001 6] Such an image-receiving sheet for an ink-jet recording can be obtained by mixing a powdery coating compo- 
sition having an average particle diameter of 0.1 to 30 nm, which contains a resin and a colorant, with a first inorganic 
fine particles having an average particle diameter of 1 nm to 1 \im to form a powdery mixture, dry-coating the powdery 
mixture on a substrate to form a resin layer, and forming a surface layer comprising a second inorganic fine particles on 
the resin layer. 



Fig. 1 is a partially sectioned perspective view showing schematically one embodiment of a powdery coating com- 
position used in the invention. 

Fig. 2 is a schematic view showing a section of one preferred embodiment of a sheet coated with the powdery coat- 
ing composition according to the invention. 

Fig. 3 is a schematic view showing the constitution of a device for producing the sheet coated with the powdery 
coating composition according to the invention. 

Fig. 4 is a schematic view showing a section of one preferred embodiment of an image-receiving sheet for an inlqet 
recording according to the invention. 

Fig. 5 is a transmission electron micrograph showing the structure of powdery coating composition particles in a 
resin layer as one embodiment of the sheet coated with the powdery coating composition according to the inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 8] The sheet coated with a powdery coating composition according to the invention comprises a substrate and, 
a porous and continuous resin layer provided on the substrate, the resin layer comprising particles of a powdery coating 
composition having an average particle diameter (average value of primary particle diameter, the same rule applies cor- 
respondingly to the following) of 0.1 to 30 \im and inorganic fine particles having an average particle diameter (average 
value of primary particle diameter, the same rule applies correspondingly to the following) of 1 nm to 1 nm dispersed 
between the particles of powdery coating composition to form space at least in part therebetween. 
[001 91 First, the production of the sheet coated with a powdery coating composition of the invention will be described. 



BRIEF DESCRIPTION OF THE DRAW1NQ 



[0017] 
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[0020] The sheet can be obtained by mixing a powdery coating composition having an average particle diameter of 
0.1 to 30 urn, preferably 1 to 25 jim, with inorganic fine particles having an average particle diameter of 1 nm to 1 urn 
to form a powdery mixture, dry-coating the powdery mixture on a substrate, melting the powdery coating composition 
by heating and fixing the melted powdery coating composition together with the inorganic fine particles on the substrate 
thereby forming a porous and continuous resin layer on the substrate comprising the particles of powdery coating com- 
position and the inorganic fine particles dispersed between the particles of powdery coating composition to form space 
at least in part therebetween. 

[0021 ] According to the invention, as described above, the inorganic fine particles are adhered on the surface of par- 
ticles of the powdery coating composition by mixing the powdery coating composition with the inorganic fine particles, 
thereby making it possible to obtain a powdery mixture wherein the surface of the particles of the powdery coating com- 
position is coated with the inorganic fine particles. 

[0022] Paper, synthetic paper and synthetic resin sheets can be preferably used as a substrate. If necessary, a sub- 
strate made of metal is also used. Paper is not specifically limited as far as it is made of normal cellulose fibers, and 
includes wood free paper and coated paper, in addition to ordinary paper. The ordinary paper includes, for example, 
normal PPC copying paper, those which are subjected to a calendering treatment to enhance the surface smoothness 
of the PPC copying paper, and word processor paper for heat transfer and coated paper, which has already been sur- 
face-treated. 

[0023] The synthetic resin paper includes, for example, sheets made of polyester, polyvinyl chloride, polyethylene, 
polypropylene, polyethylene terephthaiate, polycarbonate and polyamide. The synthetic paper includes, for example, 
those prepared by mixing a polyolefin resin or another synthetic resin as a resin component with inorganic fillers, fol- 
lowed by extrusion molding of the mixture. 

[0024] By using paper as the substrate, the sheet coated with a powdery coating composition and image-receiving 
sheet for an ink-jet recording of the invention can be produced at low cost 

[0025] The sheet coated with a powdery coating composition according to the invention can be used as an image- 
receiving sheet for an ink-jet recording comprising the above resin layer as a receiving layer for jet printing ink, that is 
particularly suitable. 

[0026] The powdery coating composition used in the invention contains a resin. This resin serves as a binding resin 
capable of integrating various components of the powdery coating composition into a powder, and also forms a resin 
layer as a receiving layer for jet printing ink on a substrate, as described above, and supports a colorant such as a dye 
or pigment constituting a letter or an image on recording of the letter or image due to jet printing ink, thereby making it 
possible to record it on a receiving sheet. 

[0027] According to the invention, the resin constituting the powdery coating composition is not specifically limited, 
and there can be used hydrophobic resin, hydrophilic resin - soluble resin, including water-absorbing resin and water- 
soluble resin, and a mixture thereof. The mixture of these resins may be a mixture of two or more kinds of resin parti- 
cles, e.g. a mixture of hydrophobic resin particles and water-absorbing resin particles or hydrophilic resin particles, or 
a composite prepared by melt-kneading two or more kinds of resins, e.g. hydrophobic resin particles and water-absorb- 
ing resin or water-soluble resin particles, followed by cooling, grinding and further classification of the mixture, as 
described below. 

[0028] The hydrophobic resin refers to those wherein the absorption amount of deionized water is 0.1 times or less, 
preferably 0.01 times or less, as much as its own weight Specific examples thereof include styrenic resin such as sat- 
urated polyester resin, polyamide resin, (meth)acrylic resin, polyurethane resin, polyvinyl acetal resin, vinyl chloride 
resin, vinyl acetate resin, vinyl chloride-vinyl acetate copolymer resin, vinylidene chloride resin, polystyrene resin, sty- 
rene-acrylic copolymer resin, styrene-butadiene copolymer resin, etc.; polyoeffinic resin such as polyethylene resin, 
ethylene-propylene copolymer resin, ethylene-vinyl acetate copolymer resin, polypropylene, etc.; and epoxy resin. 
[0029] The above saturated polyester resin is a polymer obtained by condensation polymerization of a dihydric car- 
boxylic acid and a dihydric alcohol. The dihydric carboxylic acid is not specifically limited and includes, for example, 
aliphatic dibasic acid such as malonic acid, succinic acid, glutaric add, adipic acid, sebacic acid, hexahydrophthalic 
anhydride, etc.; and aromatic dibasic acid such as phthalic anhydride, phthalic acid, terephthalic acid, isophthalic acid, 
etc. tf necessary, a polybasic acid (tribasic or more) may also be used in combination. The polybasic add includes, for 
example, trimellitic anhydride and pyromellitic anhydride. 

[0030] Also the dihydric alcohol is not specifically limited and includes, for example, ethylene glycol, propylene glycol, 
butylene glycol, hexanediol, neopentyl glycol, diethylene glycol, dipropylene glycol, hydrogenated bisphenol A. If nec- 
essary, a polyhydric alcohol (trihydric or more) may also be used in combination. The polyhydric alcohol includes, for 
example, glycerin, trimethylolpropane, diglycerin, pentaerythritol and sorbitol. 

[0031] A commerdally available product can be suitably used as the unsaturated polyester resin. The commerdally 
available product includes, for example, Bailon 103, 200, 290, 600 (manufactured by Toyobo Co.); KA-1038C (manufac- 
tured by Arakawa Chemical Co.); TP-220, 235 (Nippon Synthetic Chemical Industry Co.); Diaculon ER-101, ER-501, 
FC-172, FC-344, FC-7 14 (manufactured by Mitsubishi Rayon Co.); and Tafuton NE-382, 11 10, 2155 (manufactured by 
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Kao Corp.). 

[0032] The styrene-acrylic copolymer resin is a copolymer of styrene and (meth)acrylate and specific examples of the 
(meth)acrytate includes ethyl acrylate, butyl acrylate, methyl methacrylate, ethyl methacrylate, butyl methacrylate, 2- 
ethylhexyl methacrylate, 2-hydraxyethyl acrylate, dimethylaminoethyl methacrylate and diethylaminoethyl methacr- 
ylate. 

[0033] As the styrene-acrylic copolymer resin, various commercially available products can be suitably used. The 
commercially available product includes, for example, Himer UNI-3000, TB-1800, TBH-1500 (manufactured by Sanyo 
Chemical Industry Co.); and CPR-100, 600B, 200, 300, XPA4799. 4800 (manufactured by Mitsui Chemical Co.). 
[0034] It is preferred that the hydrophobic resin used in the invention has a softening point within a range from 60 to 
150°C. and preferably from 70 to 120°C. 

[0035] Also the water-absorbing resin is not specifically limited in a polymer material constituting it but is preferably 
a chemically crosslinked type water-absorbing resin. The absorption amount of deionized water per unit weight of the 
resin is preferably within a range from 1 00 to 1 000 g/g, and particularly preferably from 300 to 1 000 g/g. 
[0036] The water-absorbing resin includes, for example, a substance prepared by partially crosslinWng polyacrylic 
acid with a sodium saft (e.g. Aquarik (registered trademark) CA manufactured by Nippon Catalyst Co. and Sunfresh ST- 
500MPS, etc. manufactured by Sanyo Chemical Industry Co.) and starch-acrylic acid graft polymer partial sodium salt 
(e.g. Sunfresh ST-500MPS. ST-100, manufactured by Sanyo Chemical Industry Co.). 

[0037] Other examples include crosslinked isobutylene-sodium maleate copolymer, crosslinked styrene-sodium 
maleate copolymer, grafted starch-sodium polyacrylate, saponified substance of grafted starch-polyacrylon'rtrile, 
grafted cellulose-sodium polyacrylate, and vinyl alcohol-sodium (meth)acrylate copolymer, etc. Such a chemically 
crosslinked type water-absorbing resin can be commercially available. 

[0038] The water-soluble resin includes, for example, polyvinyl alcohol, polyethylene oxide, polyethylene oxide poly- 
propylene oxide, hydroxymethylcellulose, hydroxyethylcellulose. caiboxymethylcellulose, and polyvinyl pyrrolidone. 
[0039] It is preferred that the hydrophilic resin used in the invention has a softening point within a range from 60 to 
1 50°C, and preferably from 70 to 1 20°C. 

[0040] When using the sheet coated with a powdery coating composition of the invention, in the image-receiving 
sheet for an ink-jet recording, the resin in the powdery coating composition is not specifically limited as described 
above. For example, there can be preferably used hydrophobic resins such as saturated polyester resin, styrene-acrylic 
copolymer resin, etc.; and mixtures of the hydrophobic resin and water-soluble resin such as polyvinyl alcohol, polyeth- 
ylene oxide, etc. 

[0041 ] The powdery coating composition may contain additives such as colorants or fillers, if necessary. The colorant 
is preferably a white colorant and, for example, titanium oxide is preferably used but is not limited thereto. The colorant 
gives a requisite earth color to the substrate. The white colorant gives a white earth color to the substrate. The colorant 
is usually contained in the powdery coating composition in the amount within a range from 0.5 to 60% by weight, and 
preferably from 5 to 50% by weight As the filler, for example, silica and calcium carbonate are used. 
[0042] The powdery coating composition may further contain an anti-offset agent, rf necessary, so as not to cause 
offset when the powdery coating composition is melted and fixed by heating after it is dry-coated on a substrate. As the 
anti-offset agent for example, various waxes having a melting point within a range from 50 to 150°C are preferably 
used. Specific examples thereof include paraffin wax and polyolefin wax such as polyethylene wax or polypropylene 
wax, fatty acid metal salt, fatty acid ester, higher fatty acid, and higher alcohol. Such an anti-offset agent is normally 
used in the powdery coating composition in the amount within a range from 0.1 to 20% by weight, and preferably from 
0.5 to 10% by weight 

[0043] As described above, the powdery coating composition containing the colorant, filler and other additives, 
together with the resin, is obtained by mixing them, melt-kneading at a temperature within a range usually from about 
100 to 200°C, preferably from about 130 to 180°C, for several minutes, usually about 3 to 5 minutes, followed by cooling, 
grinding and further classification of the mixture. The powdery coating composition has an average particle diameter 
within a range from 0.1 to 30 urn, preferably from 1 to 25 urn, and most preferably from 5 to 20 urn. 
[0044] As described above, the powdery coating composition contains the colorant, filler and other additives, together 
with the resin. According to the invention, the resin may be a composite prepared by integrating various resins into a 
powdery coating composition in various structures or forms in the powdery coating composition. 
[0045] That is, a most simple powdery coating composition is a composition whose resin component is made of a 
single resin (e.g. hydrophobic resin) having the same property. According to the invention, however, the resin compo- 
nent in the powdery coating composition may also be a composite made of two or more kinds of resins having different 
properties. 

[0046] For example, when a hydrophobic resin is mert-mixed with particles of a water-absorbing resin having an aver- 
age particle diameter within a range from 1 to 20 \itr\, preferably from 5 to 15 jim, and, if necessary, together with the 
above-described additives, and the resulting mixture is ground into particles having an average particle diameter of 5 
to 20 jim, the mixture is fractured exclusively at the interface between the hydrophobic resin and water-absorbing resin 
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particles because the particles of water-absorbing resin have a large average particle diameter. As a result, there can 
be obtained, as a powdery coating composition, particles of hydrophobic resin composition containing the particles of 
water-absorbing resin while exposing a portion of the particles of the above water-absorbing resin on the surface of the 
particles of the above hydrophobic resin. 

[0047] Then, when the particles of the hydrophobic resin composition are mixed with inorganic fine particles as 
described above, a powdery mixture can be obtained. The proportion of the water-absorbing resin particles is prefera- 
bly from 5 to 50% by weight, and particularly preferable from 10 to 30% by weight based on the total amount of the 
hydrophobic resin and the particles of water-absorbing resin. 

[0043] Since the above-mentioned chemically crosslinked type water-absorbing resin is not melted by heating, even 
when the hydrophobic resin is melted and mixed with the water-absorbing resin having an average particle diameter of 
larger than 20 urn and the mixture is ground, it is difficult to uniformly disperse the water-absorbing resin in the hydro- 
phobic resin. Therefore, the particles of the water-absorbing resin and the hydrophobic resin each exist as independent 
particles. In the invention, however, when the particles of the water-absorbing resin and the hydrophobic resin are melt- 
kneaded and ground, it is not necessary to disperse all of the particles of water-absorbing resin used in the hydrophobic 
resin and a portion of the particles of the water-absorbing resin may exist as independent particles from the resulting 
particles of hydrophobic resin composition. When the average particle diameter of the particles of the water-absorbing 
resin is smaller than 1 \im, the particles of the water-absorbing resin are uniformly dispersed in the mixture and, there- 
fore, the mixture is hardly fractured at the interface. 

[0049] According to such a powdery coating composition, since a portion of the particles of the water-absorbing resin 
is exposed on the surface of the particles of the hydrophobic resin, thus affording the hydrophilicrty to the particles of 
the hydrophobic resin, the absorbency and color developing property of ink can be imparted to the resulting ink-receiv- 
ing layer. 

[0050] According to the invention, when a hydrophobic resin and a water-soluble resin are optionally melt-kneaded 
with the additives and the resulting mixture is ground into particles having an average particle diameter within a range 
from 1 to 30 jim, preferably from 5 to 20 urn, the hydrophilic resin is dispersed in the mixture in the form of particles 
because the hydrophilic resin has poor compatibility with the hydrophobic resin. As a result the mixture is fractured 
exclusively at the interface between the hydrophobic resin and the particles of the water-soluble resin, thereby making 
it possible to obtain, as a powdery coating composition, particles of the hydrophobic resin composition containing the 
above particles of the water-absorbing resin while exposing a portion of the particles of the water-absorbing resin on 
the surface of the particles of the hydrophobic resin. 

[0051] Then, when the powdery coating composition is mixed with inorganic fine particles as described above, the 
powdery mixture as described hereinbefore can be obtained. The proportion of the particles of the water-absorbing 
resin is preferably from 5 to 50% by weight, and particularly preferable from 10 to 30% by weight, based on the total 
amount of the hydrophobic resin and water-absorbing resin. 

[0052] Such a particle of the powdery coating composition as described above is schematically shown in Fig. 1 . That 
is, the powdery coating composition is composed of particles 1 1 of water-soluble resin and a hydrophobic resin 1 2, and 
the particles of the water-soluble resin are dispersed in the particles of the hydrophobic resin while exposing a portion 
of the particles of the water-soluble resin on the surface of the particles of the hydrophobic resin. The powdery coating 
composition obtained by melt-kneading a hydrophobic resin with particles of a water-absorbing resin, followed by grind- 
ing and further classification of the mixture also has the same structure. 

[0053] As described above, according to the powdery coating composition, a portion of the particles of the water-sol- 
uble resin is exposed on the surface of the particles of the hydrophobic resin, thus affording hydrophilicrty to the parti- 
cles of the hydrophobic resin. Thus, the absorbency and color developing property of ink can be imparted to the ink- 
receiving layer formed with the powdery coating composition. 

[0054] Further according to the invention, when a hydrophobic resin and a hydrophilic inorganic fine particles having 
an average particle diameter of 1 to 5 urn are melt-kneaded and the resulting mixture is ground into particles having an 
average particle diameter of 5 to 20 ^m. there can be obtained particles of the hydrophilic resin composition containing 
the hydrophilic inorganic fine particles while exposing a portion of the hydrophilic inorganic fine particles on the surface 
of the hydrophobic resin. 

[0055] As described above, when the hydrophobic resin is melt-kneaded together with the hydrophilic inorganic fine 
particles and cooled and the resulting mixture was ground into particles having an average particle diameter of 5 to 20 
fim, the mixture was fractured exclusively at the interface between the hydrophobic resin and inorganic fine particles 
because the hydrophilic inorganic fine particles have a comparatively large average particle diameter, as the result, 
thereby making it possible to obtain particles of hydrophobic resin composition wherein a portion of the inorganic fine 
particles having a large particle diameter is exposed on the surface of the particles of the hydrophobic resin. 
[0056] According to such a powdery coating composition, a portion of the inorganic fine particles is exposed on the 
surface of the particles of the hydrophobic resin, thus affording hydrophilicrty to the particles of the hydrophobic resin. 
Therefore, the ink-receiving layer formed with such particles of hydrophobic resin composition has absorbency and 
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color developing property of ink. 

[0057] When the average particle diameter of the (first) hydrophobic inorganic fine particles, which are kneaded with 
the hydrophobic resin and dispersed in the mixture with the hydrophobic resin, is smaller than 1 urn, the (first) inorganic 
fine particles are uniformly dispersed in the mixture and the mixture is hardly fractured at the interface. On the other 
hand, when the average particle diameter of the first hydrophilic inorganic fine particles is larger than 5 nm, the first inor- 
ganic fine particles exist together with the hydrophobic resin composition particles, as independent particles. Therefore, 
as described below, in the case where a powdery mixture prepared by mixing this powdery coating composition with 
the hydrophilic second inorganic fine particles having an average particle diameter of 1 nm to 1 jxm thereby to coat the 
surface of the particles of the hydrophobic resin composition with the hydrophilic second inorganic fine particles is dry- 
coated on the substrate and the powdery mixture is fixed by heating, good fixing is likely to be impaired. 
[0058] The proportion of (first) inorganic fine particles is preferably within a range from 5 to 50% by weight and par- 
ticularly preferable from 10 to 30% by weight, based on the total amount of the hydrophobic resin and the (first) inor- 
ganic fine particles. 

[0059] As hydrophilic (first) inorganic fine particles having an average particle diameter of 1 to 5 nm to be dispersed 
in the hydrophobic resin, for example, a commercially available product can be suitably used. Such a commercially 
available product includes, for example, silica such as Carplex (manufactured by Shionogi Pharmaceutical Co.), Mizu- 
kasil (manufactured by Mizusawa Chemical Industry Co.), Fineseal X-37, 40, 70, 80. etc. (manufactured by Tokuyama 
Co.); and calcium carbonate such as ED-I, ED-III, ED-V (manufactured by Yonesho Sekkai Kogyo Co.), Calright KT, etc. 
(manufactured by Shiraisht Calcium Co.). 

[0060] Also regarding the powdery coating composition wherein the hydrophilic inorganic fine particles are dispersed 
in the particles of hydrophobic resin while exposing the surface of a portion of the inorganic fine particles, the structure 
becomes apparent by displacing the particles of water-soluble resin with the hydrophilic inorganic fine particles in Fig. 1 . 
[0061] Furthermore, according to the invention, the powdery coating composition may be prepared by optionally mix- 
ing the hydrophobic resin with two or more kinds selected from the water-absorbing resin, water-soluble resin and 
hydrophilic inorganic fine particles, followed by melt-kneading, grinding and further classification of the mixture. Partic- 
ularly, a powdery coating composition obtained by mixing the hydrophobic resin with the water-soluble resin and 
hydrophilic inorganic fine particles, followed by melt-kneading, grinding and further classification of the mixture is a pre- 
ferred example of the powdery coating composition used in the present invention. 

[0062] In the preparation of such a powdery coating composition, the water-soluble resin and hydrophilic inorganic 
fine-particles are. respectively, used in the amount within a range from 5 to 50% by weight, and their total amount is 
preferably from 10 to 60% by weight 

[0063] According to the invention, when such a powdery coating composition is mixed with inorganic fine particles 
having an average particle diameter within a range from 1 nm to 1 \um to form a powdery mixture, as described above, 
and the resulting powdery mixture is dry-coated on the surface of a substrate, melted by heating and then fixed, a 
porous and continuous resin layer comprising particles of the powdery coating composition and a substantially contin- 
uous film composed of the inorganic fine particles and provided between the particles of powdery coating composition 
to form space at least in part therebetween can be formed on the substrate. 

[0064] The thickness of the resin layer formed of the powdery coating composition is usually within a range from 1 to 
100 nm, preferably from 2 to 80 nm, and particularly preferable from 5 to 50 nm. 

[0065] According to the invention, the resin layer of the powdery coating composition may be formed by dry-coating 
the powdery mixture directly on a substrate, melting the powdery mixture by heating and fixing it, but an undercoat 
made of a proper resin may also be optionally provided so as to enhance the adhesion between the resin layer and the 
substrate, or the smoothness of the substrate. Such an undercoat may be provided by dry-coating a proper powdery 
coating or coating of the resin solution. 

[0066] Fig. 2 shows schematically a section of one embodiment of a sheet coated with such a powdery coating com- 
position according to the invention. On a substrate 21 there is provided a porous and continuous resin layer 25 com- 
prising particles of a powdery coating composition 22 and a substantially continuous film 24 composed of inorganic fine 
particles 23 and forming space between the particles of the powdery coating composition, while a portion of the inor- 
ganic fine particles 23 is exposed on the surface of the resin layer 25. 

[0067] The resin layer having such a specific structure can be obtained by mixing the inorganic fine particles with the 
powdery coating composition in a predetermined proportion to form a powdery mixture, dry-coating the powdery mix- 
ture on a substrate, melting the powdery mixture by heating and fixing it. The proportion of the inorganic fine powders 
is usually within a range, from 0.5 to 10% by weight preferably from 1 to 9% by weight, and most preferably from 5 to 
8% by weight, in the powdery mixture composed of the powdery coating composition and inorganic fine powders. How- 
ever, the proportion can be experimentally decided according to each average particle diameter of the powdery coating 
composition and inorganic fine particles used, most preferably. 

[0068] In a case where the proportion of the inorganic fine particles is too small, when the above powdery mixture is 
melted by heating thereby to fix on the substrate, it is impossible to form a porous and continuous resin layer comprised 
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of particles of the powdery coating composition having a substantially continuous film of inorganic fine particles pro- 
vided between the particles of the powdery coating composition to form space therebetween. Accordingly, the image 
obtained by ink-jet recording has not sufficient density. On the other hand, when the proportion of the inorganic fine par- 
ticles is too large, fixing of the resin layer formed on the substrate is poor and the resin layer is liable to be peeled off 
from the substrate when the substrate is folded. Furthermore, the proportion of the powdery coating composition com- 
prised of the resin is too small and there is a fear that the density of the image formed on the resin layer as the ink- 
receiving layer becomes insufficient. 

[0069] When the average particle diameter of the inorganic fine particles is smaller than 1 nm, even if the inorganic 
fine particles are used in a comparatively large amount, a porous and continuous resin layer having space between the 
particles of the powdery coating composition cannot be produced. 

[0070] On the other hand, when the average particle diameter is larger than 1 pm, it is difficult to fix a powdery mixture 
of the inorganic fine particles and powdery coating composition on a substrate after dry-coating it on the substrate and 
melting by heating. Accordingly, the resin layer formed is peeled off from the substrate thereby to cause defects in the 
resulting coated sheet. Therefore, a high quality image recording cannot be obtained even if such a sheet coated with 
a powdery coating is used in an image-receiving sheet for an ink-jet recording. 

[0071 ] According to the invention, hydrophilic inorganic fine particles are preferred as the above-mentioned inorganic 
fine particles. Among them, fine particles of hydrophilic inorganic oxide and inorganic carbonate are particularly pre- 
ferred. If necessary, hydrophilic inorganic fine particles may be used in combination with hydrophobic inorganic fine par- 
ticles according to the purpose and required characteristics of the resulting sheet coated with a powdery coating. 
[0072] When using the sheet coated with a powdery coating composition of the invention, as an image-receiving 
sheet for an ink-jet reoording, hydrophilic inorganic fine-particles can be optionally used in combination with hydropho- 
bic inorganic fine-particles so as to control the absorbency of water based jet printing ink of the ink-receiving layer. 
[0073] These inorganic fine particles are commercially available easily. The commercially available product of the 
hydrophilic inorganic fine particles includes inorganic oxide fine particles, for example, Aerosil® 50, 90Q, 130. 200, 
200V, 200CF, 200FAD, 300, 300CF, 380, OX50, TT6Q0, MOX80. MOX170, COK 84 (anhydrous silica, manufactured by 
Nippon Aerosil Co.); Aluminum Oxide C, Titanium Dioxide P25 (manufactured by Nippon Aerosil Co.); Caplex® FPS-2, 
FPS-3, FPS-4, FPS-5, FPS-101, CS-5, CS-7, BS-304F, BS-304N (manufactured by Shionogi & Co.); and inorganic 
oxide fine particles S13, V15, N20, T30, T40 (anhydrous silica, manufactured by Clariant Japan Co.). Calite KT as cal- 
cium carbonate manufactured by Shiraishi Industry Co. can also be used as the hydrophilic inorganic fine-particles. 
[0074] On the other hand, the commercially available product of the hydrophobic inorganic fine particles includes, for 
example, Aerosil® R972, R972V, R972CF, R974. R202, R805, R812S (anhydrous silica, manufactured by Nippon Aer- 
osil Co.); T805, RX200, RY200 (titanium dioxide, manufactured by Nippon Aerosil Co.); and H15, H20. H30. H2000, 
H2000/4, H3004, H2015EP. H2050EP (anhydrous silica, manufactured by Clariant Japan Co.). 
[0075] Such a sheet coated with a powdery coating composition according to the invention has a porous and contin- 
uous resin layer comprising particles of powdery coating composition and a substantially continuous film comprising 
inorganic fine particles interposed between the particles of the powdery coating composition thereby to form space at 
least in part therebetween, as described hereinbefore. 

[0076] As a result, as described above, the inorganic fine particles are exposed on the surface of the resin layer in 
the form of a film, while the particles of the powdery coating composition are made to contact with each other while 
interposing the inorganic fine particles therebetween to form space (composed of the inorganic fine particles) at least 
in part usually of about 1 to 200 nm therebetween. However, in a portion, the particles of powdery coating composition 
may not be made to contact with each other and pores or voids may be present between the particles. 
[0077] As described above, since the sheet coated with a powdery coating composition of the invention has a porous 
and continuous resin layer comprised of particles of the powdery coating composition and inorganic fine particles dis- 
persed and interposed between the particles of powdery coating composition to form at least in part space therebe- 
tween, the sheet can be suitably used as an image-receiving sheet for an ink-jet recording. 
[0078] That is, when water based jet printing ink is adhered to such an image-receiving sheet, water in ink is rapidly 
permeated through the image-receiving layer along the film composed of the inorganic fine particles interposed 
between the particles of the powdery coating composition and, at the same time, the resin layer containing the 
hydrophilic inorganic fine particles and the layer of the hydrophilic inorganic fine particles on the resin layer adsorb and 
scavenge the colorant made of a dye or pigment in ink. Therefore, high-quality ink-jet recording having excellent absorb- 
ency and color developing property can be obtained. 

[0079] The resin layer comprising the particles of the powdery coating composition is formed on a substrate by dry- 
coating a powdery mixture composed of the powdery coating composition and inorganic fine particles on the substrate, 
heating to melt the powdery coating conposrtion, and fixing the powdery coating composition together with the inor- 
ganic fine particles on the substrate. 

[0080] The powdery mixture can be dry-coated on a substrate, for example, by electrophotographic systems such as 
electrostatic spray method, electrostatic coating such as electrostatic dipping method, flame spray method, spray ooat- 
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ing method, dispersion method, powder coating such as powder melt lamination method, powder scatter method, cas- 
cade method, magnetic brush developing method, powder cloud method, open chamber method, fur developing 
method, print developing method, and a developing method due to electrostatic induction. 
[0081] Among these dry coating methods, an electrostatic spray method can be preferably used in the invention. This 

5 electrostatic spray method is a kind of powder coating, but is specified by transporting a powdery mixture of fine-parti- 
cles to a tip of a 6pray gun by air, applying a negative high potential (e.g. —50 to —80 kV) to a needle electrode incor- 
porated into the tip of the spray gun thereby to negatively charge the powder mixture, closely placing an electrode 
grounded on the back surface of the substrate, and transporting the negatively charged powdery mixture to the sub- 
strate due to an electric field, which is present between the spray gun and ground electrode, thereby to adhere the pow- 

10 dery mixture on the substrate electrostatically. 

[0082] Fig. 3 shows preferred embodiment of the method using such an electrostatic spray method according to the 
invention. That is, a continuous long substrate (e.g. ordinary paper) 32 unwound from a roller 31 is transported into a 
booth 34 by a carrier belt 33. In the booth, the powdery mixture is dry-coated by the electrostatic spray method, melted 
by heating by a fixing roller 35. fixed and then wound or appropriately cut, as described below. The carrier belt 33 has 

is an electrode 36 ground on the backside (i.e. positive electrode) along the substrate to be carried by the carrier belt The 
powdery mixture is carried to a spray gun 38 from a storage tank 37 by compressed air, while a negative high voltage 
is applied to a needle electrode (not shown) incorporated into the tip of the spray gun by a d.c. power source and the 
powdery mixture is negatively charged. Thus, the powdery mixture is transported to the substrate by electric field, which 
is present between the spray gun and the above electrode along the substrate on the carrier belt, and then adhered to 

20 the substrate electrostatically. In such a way, the substrate dry-coated with the powdery mixture is transported to the 
fixing roller 35, where the powdery mixture is melted by heating and then fixed on the substrate to form a resin layer, 
thus obtaining a sheet 40 coated with a powdery coating according to the invention. 

[0083] According to the invention, there is provided a further image-receiving sheet for an ink-jet recording, wherein 
an ink-receiving layer has a two-layer structure. This image-receiving sheet for an ink-jet recording comprises a resin 
25 layer having a thickness of 1 to 100 urn on a substrate and a surface layer formed on the resin layer. The resin layer is 
composed of particles of powdery coating composition having an average particle diameter of 0.1 to 30 jim and con- 
taining a resin and a colorant. The surface layer is composed of inorganic fine particles having an average particle 
diameter of 1 to 50 nm. The resin layer preferably has at least in part space between the particles of powdery coating 
composition. 

30 [0084] Such an image-receiving sheet for an ink-jet recording can be obtained according to the invention by a method 
comprising the step of dry-coating particles of a powdery coating composition having an average particle diameter of 
0. 1 to 30 nm and containing a resin and a colorant, on a substrate, to form a resin layer, the step of forming a surface 
layer composed of inorganic fine particles having an average particle diameter of 1 to 50 nm on the resin layer, the step 
of fixing the resin layer on the substrate, and fixing the surface layer composed of the inorganic fine particles on the 

35 resin layer. 

[0085] More specifically, particles of the powdery coating composition having an average particle diameter of 0.1 to 
30 jim and containing a resin and a colorant are dry-coated on a substrate to form a resin layer and then inorganic fine 
particles having an average particle diameter of 1 to 50 nm are dry-coated on the resin layer to form a surface layer on 
the resin layer. Then, the laminated sheet thus obtained is heated under pressurizing thereby to fix the resin layer on 

40 the substrate and to fix the surface layer of the inorganic fine particles on the resin layer. When the resin layer is formed, 
the powdery coating composition is heated to a temperature lower than that at which the powdery coating composition 
is completely melted to form continuous coated film, thereby to incompletely, i.e. partially melt the powdery coating 
composition. Thus, the powdery coating composition is partially adhered to each other to form a resin layer having 
space at least in part therebetween. 

45 [0086] According to the invention, however, it is preferred that the powdery coating composition is mixed with a pre- 
determined proportion, usually 0.5 to 10% by weight, of a first inorganic fine particles to form a powdery mixture, dry- 
coating the powdery mixture on a substrate to form, as an ink-receiving layer, a porous and continuous resin layer com- 
posed of the particles of the powdery coating composition and inorganic fine particles dispersed between the particles 
of the powdery coating composition thereby to form space at least in part therebetween, as described above. Then, 

so second inorganic fine particles having an average particle diameter of 1 to 50 nm are preferably dry-coated on the resin 
layer to form a surface layer, thus obtaining an image-receiving sheet for an ink-jet recording. 
[0087] The image-receiving sheet for an ink-jet recording as a particularly preferred one embodiment of the invention 
comprises a substrate and a porous and continuous resin layer having a thickness of 1 to 100 nm provided on the sub- 
strate, the resin layer comprising particles of powdery coating composition having an average particle diameter of 0.1 

55 to 30 \im and containing a resin and a colorant, and the first inorganic fine particles having an average particle diameter 
of 1 nm to 1 nm dispersed between the particles of powdery coating composition to form space at least in part there- 
between, the sheet further comprising a surface layer composed of the second inorganic fine particles having an aver- 
age particle diameter of 1 to 50 nm on the resin layer. 
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[0088] When the average particle diameter of the second inorganic fine particles is larger than 50 nm, in a case where 
an ink-jet recording of an image-receiving sheet having such a layer of inorganic fine particles is performed, the result- 
ing image sometimes lacks accuracy and an image-receiving sheet for an ink-jet recording capable of affording a high 
quality recorded image cannot be obtained sometimes. The second inorganic fine particles may have an average par- 
ticle diameter of smaller than 1 nm, but preferably have an average particle diameter of not less than 1 nm in view of 
availability. 

[0089] Such an image-receiving sheet for an ink-jet recording can be obtained by a method comprising the step of 
dry-coating a powdery mixture prepared by mixing a powdery coating composition having an average particle diameter 
of 0.1 to 30 urn and containing a resin and a colorant, with the first inorganic fine particles having an average particle 
diameter of 1 nm to 1 urn on a substrate to form a powdery mixture layer; the step of dry-coating the second inorganic 
fine particles on the powdery mixture layer to form a surface layer; the step of melting the powdery mixture layer by 
heating and fixing to form a resin layer; and the step of fixing the surface layer made of the second inorganic fine parti- 
cles on the resin layer. 

[0090] Now a preferred embodiment of the production of the image-receiving sheet for an ink-jet recording according 
to the invention will be described. 

[0091 ] For the production of the image-receiving sheet for an ink-jet recording of the invention, first, a powdery coating 
composition having an average particle diameter of 0. 1 to 30 urn, preferably 1 to 25 urn, is mixed with the first inorganic 
fine particles having an average particle diameter of 1 nm to 1 urn to form a powdery mixture and, the powdery mixture 
is then dry-coated on a substrate to form a powdery mixture layer. In the invention, an intermediate product wherein the 
powdery mixture layer is formed on the substrate is referred to as a precursor sheet. Then, the second inorganic fine- 
particles having an average particle diameter of 1 to 50 nm, preferably from 5 to 30 nm, are dry-coated on the powdery 
mixture layer of the precursor sheet to form a surface layer. In the invention, an intermediate product wherein the sur- 
face layer made of inorganic fine particles is formed on the precursor sheet is referred to as a laminated sheet. 
[0092] Then, the laminated sheet thus obtained is heated under pressurizing thereby to fix a porous and continuous 
resin layer comprised of the particles of the powdery coating composition having the first inorganic fine particles dis- 
persed between the particles of the powdery coating to form at least in part space therebetween on the substrate, and 
pressing a surface layer composed of the second inorganic fine particles on the resin layer thereby to fix it thereon. 
[0093] However, fixing of the powdery mixture layer and fixing of the surface layer made of the second inorganic fine 
particles can be conducted separately. That is, the powdery mixture may be dry-coated on the substrate to form a pow- 
dery mixture layer, thus obtaining a precursor sheet which may be heated under pressure thereby to melt the powdery 
coating composition and to fix on the substrate to form a resin layer on the substrate. Then, the second inorganic fine 
particles are dry-coated on the resin layer and heated again under pressure thereby to fix the inorganic fine particles 
on the resin layer to form a surface layer. 

[0094] The surface layer comprised of the second inorganic fine particles may contain a binder and other additives. 
Particularly, the surface layer can be fixed to the resin layer as the ink-receiving layer, more strongly, when the surface 
layer contains a binder. The binder is not specifically limited, but various resins such as a resin for forming the powdery 
coating composition can be used. 

[0095] Among the various resins mentioned hereinbefore, when the hydrophobic resin, water-soluble resin or a mix- 
ture of these is used as a powder to mix with the second inorganic fine particles and the resulting mixture is dry-coated 
on a resin layer as the ink-receiving layer and then heated under pressure, the second inorganic fine particles are 
pressed on the resin layer while binding each other by the binder, thereby bonding the second inorganic fine particles 
strongly on the resin layer. The binder is usually used in an amount within a range from 1 to 200 parts by weight, and 
preferably from 5 to 100 parts by weight, based on 100 parts by weight of the second inorganic fine particles. 
[0096] However, the surface layer composed of the second inorganic fine particles may be formed optionally by wet- 
coating, and not dry-coating descrtoed above. That is, a surface layer composed of the second inorganic fine particles 
can also be formed on the resin layer by dispersing the second inorganic fine particles in a medium, preferably aqueous 
medium such as water, adding a binder to prepare a coating solution, coating the coating solution on a resin layer as 
the image-receiving layer, and drying the coating solution. When the powdery coating composition forming the resin 
layer is not dissolved or swollen, a binder may be formed by using a non-aqueous (or an organic) solvent 
[0097] In a case where a surface layer made of the second inorganic fine particles is formed on a resin layer as the 
ink-receiving layer by wet-coating, various resins can be used as a latex, including water-soluble resin. As for the latex, 
for example, there can be preferably used latex of hydrophobic resin, such as (meth)acryiic resin, styrene-acrylic copol- 
ymer resin, ethylene-vinyl acetate copolymer resin, polyvinyl acetal resin, epoxy resin, styrene-butadiene copolymer 
resin, polyethylene resin and polypropylene resin. 

[0098] The image-receiving sheet for an ink-jet recording thus obtained has the resin layer usually of a thickness 
within a range from 1 to 100 jim, preferably from 2 to 80 urn, and particularly preferable from 5 to 50 nm. The surface 
layer composed of the second inorganic fine particles usually has a thickness of 10 nm to 3 nm, and preferably from 20 
nm to 1 urn. 
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[0099J Fig. 4 schematically shows a section of one preferred embodiment of the image-receiving sheet for an ink-jet 
recording according to the invention. On a substrate 41, each of the particles of the powdery coating composition 42 
forms a porous and continuous resin layer 45 while a substantially continuous film 44 composed of the first inorganic 
fine particles 43 is interposed between the particles of the powdery coating composition to form space therebetween, 
and a portion of the first inorganic fine particles 43 is exposed on the surface of the resin layer 45. A surface layer 47 
comprised of the second inorganic fine particles 46 is further formed on the resin layer 45. 
[01 00] The second inorganic fine particles are preferably hydrophilic, and fine particles of hydrophilic inorganic oxide 
or carbonate are particularly preferred. However, hydrophilic inorganic fine particles may be optionally used in combi- 
nation with hydrophobic inorganic fine particles. 

[0101] The second inorganic fine particles include, for example, the same first inorganic fine particles as those 
described above. However, the first inorganic fine particles and second inorganic fine particles may be the same or dif- 
ferent. 

[0102] As described above, the image-receiving sheet for an ink-jet recording according to the invention comprises a 
substrate and a porous and continuous resin layer as a first layer on the substrate, the resin layer comprising particles 
of powdery coating composition and a substantially continuous film comprised of the first inorganic fine particles inter- 
posed or dispersed between the particles of powdery coating composition to form space at least in part therebetween, 
and the sheet further comprising a surface layer comprised of the second inorganic fine particles as a second layer on 
the resin layer. Therefore, when water based jet printing ink is adhered to the image-receiving sheet a dye or pigment 
in ink is rapidly adsorbed and scavenged by the surface layer of the hydrophilic second inorganic fine particles consti- 
tuting the surface layer of the image-receiving layer, thereby making it possible to form a high density image. 
[0103] Moreover, the image-receiving sheet of the invention has a porous and continuous resin layer comprising par- 
ticles of powdery coating composition and a substantially continuous film composed of the first inorganic fine particles 
dispersed between the particles of the powdery coating composition to form space at least in part therebetween under 
the surface layer composed of the second inorganic fine particles. Thus, water in jet printing ink penetrates through the 
surface layer composed of the second inorganic fine particles and is rapidly adsorbed and scavenged along the film 
composed of inorganic fine particles between the particles of the powdery coating composition, and then retained in the 
image-receiving layer. 

[01 04] Thus, water does not reach the substrate, that is, the substrate is not wetted even if the substrate is paper. On 
the other hand, water is adsorbed and scavenged by the first inorganic fine particles even if the substrate is a synthetic 
resin film and. therefore, the image is not smudged. 

[0105] The second inorganic fine particles are dry-coated on the resin layer by various methods, like the case where 
the powdery mixture is dry-coated on the substrate, and an electrostatic spray method can be used, particularly prefer- 
able. 

[0106] Such a two-layer structure image-receiving sheet for ink-jet recording can be corttinuousiy produced using an 
electrostatic spray method, for example, by forming a resin layer comprised of a powdery mixture on a substrate, trans- 
porting into a second booth, dry-coating the second inorganic fine particles on the resin layer by using a second spray 
gun, pressing the second inorganic fine-particles by heating on the resin layer, and fixing, as described with reference 
to Fig. 3. 

EXAMPLES 

[0107] The following examples further illustrate the invention in detail but are not to be construed to limit the scope 
thereof. In the following examples, parts and percentages are by weight unless otherwise stated. 

Example 1 

(Preparation of powdery coating composition and powdery mixture) 

[0108] 40 parts of a saturated polyester resin (FC-344, manufactured by Mitsubishi Rayon Co.), 30 parts of a styrene- 
acrylic copolymer resin (CPR-200, manufactured by Mitsui Chemical Co.) and 25 parts of a white colorant (titanium 
oxide (Taipake A220), manufactured by Ishihara Sangyo Co.) were melt-kneaded in a double-screw melt-kneader at 
150-1 60°C for 4 minutes. After cooling, the resulting mixture was ground and classified to obtain a white powdery coat- 
ing composition having an average particle diameter of 11.0 \um. 95 parts of the white powdery coating composition 
were mixed with 5 parts of a hydrophilic anhydrous silica (Aerosil 200, average particle diameter: 1 2 nm, manufactured 
by Nippon Aerosil Co.) to obtain a white powdery mixture (proportion of anhydrous silica: 5%) fa dry coating by an elec- 
trostatic spray method. 
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(Production of image-receiving sheet for an ink-jet recording) 

[0109] Using a commercially available electrostatic spray device, the above white powdery mixture was adhered on 
the entire surface of a commercially available ordinary paper, followed by melting by heating and further fixing to form 
an image-receiving layer having a thickness of 20 ^m, thus obtaining a sheet coated with a powdery coating composi- 
tion. 

[01 1 0] Only the resin layer of the thus obtained sheet was embedded into an epoxy resin and then frozen to prepare 
a thin film having a thickness of about 1000 A. The thin fflm was dyed with ruthenium oxide, reinforced with carbon and 
then observed by a transmission electron microscope. A transmission electron micrograph of a section of the resin layer 
of the sheet is shown in Fig. 5. In the electron micrograph, the white portion shows an epoxy resin and the left side por- 
tion shows a resin layer. The region A is composed of a polyester resin, the region B a styrene-acrylic copolymer resin, 
the particles C are composed of titanium dioxide, and the region D is composed of fine particles of silica which is sub- 
stantially continuous in the form of a film and dispersed between the respective particles of powdery coating composi- 
tion, thereby to form space between the particles of powdery coating composition. 

(Ink-jet recording) 

[011 1] Using a commercially available ink-jet printer (manufactured by Epson Co.), an ink-jet recording of an image- 
receiving sheet was performed. As a result, a high quality recorded image could be obtained rapidly. 

(Production of image-receiving sheets having different amounts of silica and evaluation of performances) 

[01 1 2] In the same manner as described above, 40 parts of a saturated polyester resin, 30 parts of a styrene-acrylic 
copolymer resin, 0.3, 1 , 3, 8 or 12 parts of anhydrous silica, and a white colorant were used so that the total amount of 
these became 100 parts to prepare a white powdery mixture for dry coating, which contains 0.3, 1 , 3, 8 or 12% of anhy- 
drous silica. Using the resulting white powdery mixture, an image-receiving sheet for an ink-jet recording was produced 
and ink-jet recording of the image-receiving sheet was performed. 

[01 1 3] The case where the image-receiving layer was not changed even when each image-receiving sheet for an ink- 
jet recording thus obtained was bent was rated with an excellent fixing (A) of the image-receiving layer to the substrate, 
while the case where powders were peeled from the image-receiving sheet when the image-receiving sheet was bent 
was rated with poor fixing (B). 

[01 1 4] With respect to each image-receiving sheet, the density of the resulting image due to an ink-jet recording was 
measured by using a densitometer (PDA-60, manufactured by Konica Co.). As a result the case where density of yellow 
and that of magenta are not less than 0.9 and density of cyan is not less than 0.5 was rated excellent image density (A), 
while the case where the density of yellow and that of magenta are smaller than 0.9 or the density of cyan is smaller 
than 0.5 was rated poor image density (B). 

[01 1 5] Furthermore, the permeability of ink to the image-receiving layer and the fixing of ink to the image-receiving 
layer in an ink-jet recording were examined in the following procedure. With respect to the permeability of ink, the case 
where jet printing ink permeated through the image-receiving layer to form a clear image was rated excellent permea- 
bility (A), while the case where ink did not permeate through the image-receiving layer and the image-receiving layer 
repelled ink was rated poor permeability (B). The above results are shown in Table 1 . 



Table 1 





Amount of Silica (% by weight)*) 




0.3 


1.0 


3.0 


5.0 


8.0 


12.0 


Image Density 


A 


A 


A 


A 


A 


A 


Permeability 


B 


A 


A 


A 


A 


A 


Fixing 


A 


A 


A 


A 


A 


B 



♦) Proportion of silica to the total of powdery coating composi- 
tion and sflica (powdery mixture) 
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Example 2 

(Preparation of powdery coaling composition and powdery mixture) 

s [01 1 6] 70 parts of a styrene-acrylic copolymer resin (CPR-200, manufactured by Mitsui Chemical Co.) and 22 parts 
of a white colorant (titanium oxide (Taipake R550), manufactured by Ishihara Sangyo Co.) were melt-kneaded in a dou- 
ble-screw melt-kneader at 150-160°C for 4 minutes. After cooling, the resulting mixture was ground and classified to 
obtain a white powdery coating composition having an average particle diameter of 1 1 .0 |im. 92 parts of the white pow- 
dery coating composition was mixed with 8 parts of a hydrophilic anhydrous silica (Aerosil 200CF, average particle 

10 diameter: 12 nm, manufactured by Nippon Aerosil Co.) to obtain a white powdery mixture (proportion of anhydrous sil- 
ica: 8%) for dry coating by an electrostatic spray method. 

[01 17] In the same manner as described in Example 1 , 70 parts of a styrene-acrylic copolymer resin, 3 or 5 parts of 
anhydrous silica and a white colorant were used so that the total weight of these became 100 parts to prepare a white 
powdery mixture for dry coating, which contains 3 or 5% of anhydrous silica. 

15 

(Production of image-receiving sheet for an ink-jet recording) 

[01 1 8] Using a commercially available electrostatic spray device, the above white powdery mixture was adhered on 
the entire surface of a commercially available ordinary paper, followed by melting by heating and further fixing to form 
20 an image-receiving layer having a thickness of 20 *im, thus obtaining an image-receiving sheet for an ink-jet recording. 

(Ink-jet recording) 



[01 1 9] Using a commercially available ink-jet printer (manufactured by Epson Co.), an ink-jet recording of each image- 
rs receiving sheet thus obtained was performed. As a result, a high quality recorded image could be obtained rapidly in 
the case of any image-receiving sheet. 

[0120] In the same manner as in Example 1 , the fixing of the image-receiving layer to the substrate, image density 
due to an ink-jet recording, and permeability of ink to the image-receiving layer in an ink-jet recording were evaluated. 
As a result, any image-receiving sheet was rated 'A'. 

30 

Example 3 

(Preparation of powdery coating composition and powdery mixture) 

35 [0121] 70 parts of a styrene-acrylic copolymer resin (CPR-200, manufactured by Mitsui Chemical Co.) and 22 parts 
of a white colorant (titanium oxide (Taipake R550), manufactured by Ishihara Sangyo Co.) were melt-kneaded in a dou- 
ble-screw melt-kneader at 150-160°C for 4 minutes. After cooling, the resulting mixture was ground and classified to 
obtain a white powdery coating composition having an average particle diameter of 1 1 .0 jim. 92 parts of the white pow- 
dery coating composition was mixed with 8 parts of hydrophilic aluminum oxide (Aluminum Oxide C, average particle 

40 diameter: 13 nm, manufactured by Nippon Aerosil Co.) to obtain a white powdery mixture (proportion of aluminum 
oxide: 8%) for dry coating by an electrostatic spray method. 

[01 22] In the same manner as in Example 1 , 70 parts of a styrene-acrylic copolymer resin, 3 or 5 parts of aluminum 
oxide and a white colorant were used so that the total weight of these became 100 parts to prepare a white powdery 
mixture for dry coating, which contains 3 or 5% by weight of aluminum oxide. 

45 

(Production of image-receiving sheet for an ink-jet recording) 

[0123] Using a commercially available electrostatic spray device, the above white powdery mixture was adhered on 
the entire surface of a commercially available ordinary paper, followed by melting by heating and further fixing to form 
so an image-receiving layer having a thickness of 20 nm, thus obtaining an image-receiving sheet for an ink-jet recording. 

(Ink-jet recording) 



[01 24] Using a commercially available ink-jet printer (manufactured by Epson Co.), an ink-jet recording of each image- 
receiving sheet thus obtained was performed. As a result, a high quality recorded image could be obtained rapidly in 
the case of any image-receiving sheet 

[0125] In the same manner as in Example 1 , the fixing of the image-receiving layer to the substrate, image density 
due to ink-jet recording, and permeability of ink to the image-receiving layer in an ink-jet recording were evaluated. As 
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a result any image-receiving sheet was rated 'A'. 
Example 4 

(Preparation of powdery coating composition and powdery mixture) 

[01261 70 Parts of a styrene-acryfic copolymer resin (CPR-200, manufactured by Mitsui Chemical Co.) and 22 parts 
of a white colorant (titanium oxide (Taipake R550), manufactured by Ishihara Sangyo Co.) were melt-kneaded in a dou- 
ble-screw meft-kneader at 150-160°C for 4 minutes. After cooling, the resulting mixture was ground and classified to 
obtain a white powdery coating composition having an average particle diameter of 11 .0 ^m. 92 parts of this white pow- 
dery coating composition was mixed with 8 parts of a hydrophilic anhydrous titanium dioxide (Titanium Dioxide P25, 
average particle diameter: 21 nm. manufactured by Nippon Aerosil Co.) to obtain a white powdery mixture (proportion 
of titanium dioxide: 8%) for dry coating by an electrostatic spray method. 

[0127] In the same manner as in Example 1, 70 parts of a styrene-acrylic copolymer resin. 3 or 5 parts of titanium 
dioxide (P25) and a white colorant were used so that the total weight of these became 100 parts to prepare a white pow- 
dery mixture for dry coating, which contains 3 or 5% by weight of titanium dioxide (P25). 

(Production of image-receiving sheet for an ink-jet recording) 

[0128] Using a commercially available electrostatic spray device, the above white powdery mixture was adhered on 
the entire surface of a commercially available ordinary paper, followed by melting by heating and further fixing to form 
an image-receiving layer having a thickness of 20 \im. 

(Ink-jet recording) 

[0129] Using a commercially available ink-jet printer (manufactured by Epson Co.), an ink-jet recording of each image- 
receiving sheet thus obtained was performed. As a result, a high quality recorded image could be obtained rapidly in 
the case of any image-receiving sheet. 

[0130] In the same manner as in Example 1 , the fixing of the image-receiving layer to the substrate, image density 
due to ink-jet recording, and permeability of ink to the image-receiving layer in an ink-jet recording were evaluated. As 
a result any image-receiving sheet was rated 'A'. 

Qprrparative Exgmpl? 1 

[0131] The white powdery coating composition prepared in Example 1 was dissolved in methyl ethyl ketone to prepare 
an oil base coating composition. The composition was coated on a ordinary paper using a bar coater and then dried to 
obtain an image-receiving sheet for an ink-jet recording. 

[0132] Using the same commercially available ink-jet printer as in Example 1 , an ink-jet recording of the image-receiv- 
ing sheer was performed. However, the image-receiving layer repelled jet printing ink and an image could not be 
recorded. 

Example 5 

(Preparation of powdery coating composition and powdery mixture) 

[01 33] 50 parts of a saturated polyester resin (FC-71 4, manufactured by Mitsubishi Rayon Co.) and 45 parts of a white 
colorant (titanium oxide (Taipake A220), manufactured by Ishihara Sangyo Co.) were melt-kneaded in a double-screw 
mert-kneader at 150-160°C for 4 minutes. After cooling, the resulting mixture was ground and classified to obtain a 
white powdery coating composition having an average particle diameter of 11.0 nm. 95 parts of this white powdery 
coating composition was mixed with 5 parts of a hydrophilic anhydrous silica (Aerosil 200, average particle diameter: 
12 nm, manufactured by Nippon Aerosil Co.) to obtain a white powdery mixture (proportion of anhydrous silica: 5%) for 
dry coating by an electrostatic spray method. 

(Production of image-receiving sheet for an ink-jet recording) 

[0134] Using a commercially available electrostatic spray device, the above white powdery mixture was adhered on 
the entire surface of a commercially available ordinary paper to form a resin layer. Using the same device, a hydrophilic 
anhydrous silica (Aerosil 200, average particle diameter: 12 nm, manufactured by Nippon Aerosil Co.) as the second 
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inorganic fine particles was adhered on the above resin layer. Then, the laminated sheet thus obtained was heated 
under pressure, thereby to fix the resin layer on the ordinary paper. At the same time, the second inorganic fine-parti- 
cles were fixed on the resin layer by pressing, thus obtaining an image-receiving sheet for an ink-jet recording having a 
surface layer composed of the second inorganic fine particles having a thickness of about 1 nm on an image-receiving 
layer having a thickness of 20 \um. 

(Ink-jet recording) 

[01 35] Using a commercially available ink-jet printer (manufactured by Epson Co.), an ink-jet recording of each image- 
receiving sheet thus obtained was performed. As a result an accurate recorded image having high density could be 
obtained rapidly 

Comparative Example 2 

[01 36] In the same manner as in Example 5, except that particles of polymethyl methacrylate having an average par- 
ticle diameter of 150 nm were used as the second inorganic fine particles, an image-receiving sheet for an ink-jet 
recording having a surface layer composed of particles of polymethyl methacrylate having a thickness of about 3 urn on 
an image-receiving layer having a thickness of 20 jim was obtained. 

[0137] in the same manner as in Example 5, an ink-jet recording of the image-receiving sheet for an ink-jet recording 
was performed. However, the image-receiving sheet repelled ink and an image could not be recorded. 

Comparative Example 3 

[0138] In the same manner as in Example 5, except that a hydrophilic silica having a particle diameter of 5 to 50 jim 
was used as the second inorganic fine particles, an image-receiving sheet for an ink-jet recording having a surface layer 
composed of the above silica having a thickness of about 50 fim on an image-receiving layer having a thickness of 20 
\ur\ was obtained. 

[0139] In the same manner as in Example 5, an ink-jet recording of the image-receiving sheet for an ink-jet recording 
was performed. As a result, ink was not absorbed into particles of the hydrophilic silica of the surface layer of the image- 
receiving sheet but permeated through a space between the silica particles. Therefore, ink dots were not formed on 
the outermost surface of the image-receiving sheet and only an image having low density was formed. In an ink-jet 
recording, an image having high density cannot be formed until ink dots are not formed on the outermost surface of the 
image-receiving sheet. 

Example 6 

(Preparation of powdery coating composition) 

[0140] 80 parts of a styrene-acrylic copolymer resin (Himer Uni-3000, softening point: 98°C, manufactured by Sanyo 
Chemical Industry Co.) and 20 parts of fine particles of hydrophilic silica (Mizukasil P-527, average particle diameter: 
1 .6 urn, manufactured by Mizusawa Chemical Industry Co.) were melt-kneaded. After cooling, the resulting mixture was 
ground and classified to obtain a hydrophobic resin powdery coating composition having an average particle diameter 
of 1 1 .0 jim. 100 parts of this hydrophobic resin powdery coating composition and 5 parts of fine-particles of hydrophilic 
silica (average particle diameter: 12 nm, manufactured by Nippon Aerosil Co.) were mixed by stirring to obtain a pow- 
dery mixture. 

(Production of image-receiving sheet for an ink-jet recording) 

[0141] Using a commercially available electrostatic spray device, the above powdery mixture was sprayed on the 
entire surface of a commercially available ordinary paper and the powdery mixture was heated to about 80 to 100°C 
under pressure, thereby to fix the powdery mixture to the ordinary paper. At the same time, particles of powdery coating 
composition were fused to each other, partially, to form a resin layer having a thickness of 20 jim, having space between 
the particles, as an image-receiving layer Thus, an image-receiving sheet for an ink-jet recording was obtained. 

(Ink-jet recording characteristics) 

[0142] Using a commercially available ink-jet printer (PM-750C, manufactured by Epson Co.). an ink-jet recording of 
the image-receiving sheet for an ink-jet recording was performed, and then the absorbency and color developing prop- 
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erty of ink was examined. The absorbency of ink was examined as follows. A color chart defined by the Japanese 
Standards Society was ink-jet recorded on a recording paper and, immediately after recording, the image was touched 
by fingertip. The case where ink was not adhered to the fingertip was rated "good", while the case where ink was par- 
tially adhered to the fingertip was rated TpooT. The color developing property of ink was examined by measuring the 
density of the most dense portion using a Macbeth densitometer (model RD-914). The results are shown in Table 2. 

Example 7 

[0143] In the same manner as in Example 6, except that 80 parts of a styrene-acrylic copolymer resin and 20 parts 
of fine particles of hydrophilic calcium carbonate (ED-V, average particle diameter: 5.0 jim, manufactured by Yonesho 
Sekkai Kogyo Co.) were melt-kneaded to prepare a powdery mixture and an image-receiving sheet for an ink-jet record- 
ing was prepared by using the powdery mixture. In the same manner as in Example 6, the absorbency and color devel- 
oping property of ink was examined. The results are shown in Table 2. 

Comparative Example 4 

[0144] In the same manner as in Example 6, except that 90 parts of a styrene-acrylic copolymer resin and 1 0 parts 
of fine particles of hydrophilic silica (Aerosil 50, average primary particle diameter: 30 nm, manufactured by Nippon Aer- 
osil Co.) were melt-kneaded to prepare a powdery mixture and an image-receiving sheet for an ink-jet recording was 
prepared by using the powdery mixture. In the same manner as in Example 6, the absorbency and color developing 
property of ink was examined. The results are shown in Table 2. 

Example 8 

[0145] 93 parts of a styrene-acrylic copolymer resin (Himer Uni-3000, softening point: 98°C, manufactured by Sanyo 
Chemical Industry Co.) and 7 parts of a water-absorbing resin (prepared by partially crosslinking polyacrylic acid with 
a sodium salt, average particle diameter: 6.0 jim) were melt-kneaded. After cooling, the resulting mixture was ground 
and classified to obtain a hydrophobic resin powdery coating composition having an average particle diameter of 1 1 .0 
*im. Then, 100 parts of the hydrophobic resin powdery coating composition and 5 parts of fine-particles of hydrophilic 
silica (Aerosil 200, average particle diameter: 12 nm, manufactured by Nippon Aerosil Co.) were mixed by stirring to 
prepare a powdery mixture. Then, an image-receiving sheet for an ink-jet recording was prepared by using the powdery 
mixture. In the same manner as in Example 6, the absorbency and color developing property of ink was examined. The 
results are shown in Table 2. 

Example 9 

(Preparation of powdery coating composition) 

[0146] 80 parts of a styrene-acrylic copolymer resin (Himer Uni-3000, softening point: 98°C, manufactured by Sanyo 
Chemical Industry Co.) and 20 parts of fine particles of hydrophilic silica (Mizukasil P-527, average particle diameter: 
1 .6 jim, manufactured by Mizusawa Chemical Industry Co.) were melt-kneaded. After cooling, the resulting mixture was 
ground and classified to obtain a hydrophobic resin powdery coating composition having an average particle diameter 
of 1 1 .0 nm. 1 00 parts of this hydrophobic resin powdery coating composition and 5 parts of fine particles of hydrophilic 
silica (200, average particle diameter: 12 nm, manufactured by Nippon Aerosil Co.) were mixed by stirring to obtain a 
powdery mixture. 

(Production of image-receiving sheet for an ink-jet recording) 

[0147] Using a commercially available electrostatic spray device, the above powdery mixture was sprayed on the 
entire surface of a commercially available ordinary paper and the powdery mixture was heated to about 80 to 100°C 
under pressure, thereby to fix the powdery mixture to the ordinary paper. At the same time, particles of powdery coating 
composition were fused to each other, partially, to form a resin layer having a thickness of 20 ^m, having a space 
between the particles of powdery coating composition, as an ink-receiving layer. Thus, an image-receiving sheet for an 
ink-jet recording was obtained. 

[0148] Then, fine particles of hydrophilic silica (Aerosil 380, average particle diameter: 7 nm, manufactured by Nippon 
Aerosil Co.) were sprayed on this ink-receiving layer and the fine particles of hydrophilic silica were heated to about 80 
to 100°C under pressure, thereby to fix a surface layer having a thickness of 3 \im made of the particles of the 
hydrophilic silica on the ink-receiving layer, thus obtaining an image-receiving sheet for an ink-jet recording. 
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(Ink-jet recording characteristics) 

[0149] Using a commercially available ink-jet printer (PM-750C. manufactured by Epson Co.), an ink-jet recording of 
the image-receiving sheet for an ink-jet recording was performed, and then the absorbency and color developing prop- 
erty of ink was examined. The absorbency of ink was examined as follows. A color chart defined by the Japanese 
Standards Society was ink-jet recorded on a recording paper and, immediately after recording, the image was touched 
by fingertip. The case where ink was not adhered to the fingertip was rated "good", while the case where ink was par- 
tially adhered to the fingertip was rated "poor". The color developing property of ink was examined by measuring the 
density of the most dense portion using a Macbeth densitometer (model RD-914). The results are shown in Table 2. 




Table 2 





Absorbency 


Image Density 






Yellow 


Magenta 


Cyan 


Black 


Example 6 


Good 


1.10 


1.13 


0.61 


1.49 


7 


Good 


1.11 


1.13 


0.59 


1.48 


Comparative Example 4 


Poor 


0.80 


0.83 


0.40 


1.11 


Example 8 


Good 


1.12 


1.15 


0.59 


1.48 


9 


Good 


1.20 


1.19 


0.65 


1.49 



Example 10 

(Preparation of powdery coating composition and powdery mixture) 

[01 50] 1 00 parts of a styrene-acrylic copolymer resin (Himer Uni-3000. softening point: 98°C. manufactured by Sanyo 
Chemical Industry Co.) and 30 parts of polyethylene oxide polypropylene oxide (CP-2000 manufactured by Sumitomo 
Seika Co.) as a water-soluble resin were melt-kneaded in a double-screw meft-kneader at 150-160°C for 4 minutes. 
After cooling, the resulting mixture was ground and classified to obtain a white powdery coating composition having an 
average particle diameter of 11.0 jim. 95 parts of this white powdery coating composition and 5 parts of hydrophilic 
anhydrous silica (Aerosil 200, average particle diameter: 12 nm, manufactured by Nippon Aerosil Co.) were mixed to 
obtain a white powdery mixture (proportion of anhydrous silica: 5%) for dry coating by an electrostatic spray method. 

(Production of image-receiving sheet for an ink-jet recording) 

[0151] Using a commercially available electrostatic spray device, the above white powdery mixture was adhered on 
the entire surface of a commercially available ordinary paper, followed by melting by heating and further fixing to form 
an image-receiving layer having a thickness of 20 nm, thus obtaining an image receiving sheet for ink-jet recording. 

(Ink-jet recording characteristics) 

[01 52] Using a commercially available ink-jet printer (PM-750C, manufactured by Epson Co.), an ink-jet recording of 
the image-receiving sheet for an ink-jet recording was performed, and then the absorbency and color developing prop- 
erty of ink was examined. The absorbency of ink was examined as follows. A color chart defined by the Japanese 
Standards Society was ink-jet recorded on a recording paper and, immediately after recorcfing, the image was touched 
by fingertip. The case where ink was not adhered to the fingertip was rated "good", while the case where ink was par- 
tially adhered to the fingertip was rated "poor". The color developing property of ink was examined by measuring the 
density of the most dense portion using a Macbeth densitometer (model RD-914). The results are shown in Table 3. 

Example 1 1 

[01 53] In the same manner as in Example 1 0, except that polyvinyl alcohol (PVA-1 1 7, manufactured by Kuraray Co.) 
was used in place of polyethylene oxide polypropylene oxide as the water-soluble resin, a white powdery mixture (pro- 
portion of anhydrous silica: 5%) was prepared, and then an image-receiving sheet for an ink-jet recording having a 
receiving layer having a thickness of 20 nm on a commercially available ordinary paper was prepared by using the white 
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powdery mixture. After ink-jet recording was performed, the absorbency and color developing property of ink was exam- 
ined in the same manner as in Example 10. The results are shown in Table 3. 

Example 12 

[0154] In the 6ame manner as in Example 10, except that hydroxylethylcellulose (AH-15, manufactured by Sumitomo 
Seika Co.) was used in place of polyethylene oxide polypropylene oxide as the water-soluble resin, a white powdery 
mixture (proportion of anhydrous silica: 5%) was prepared, and then an image-receiving sheet for an ink-jet recording 
having a receiving layer having a thickness of 20 jim on a commercially available ordinary paper was prepared by using 
the white powdery mixture. After ink-jet recording was performed, the absorbency and color developing property of ink 
was examined in the same manner as in Example 1 0. The results are shown in Table 3. 



Table 3 





Absorbency 


Image Density 






Yellow 


Magenta 


Cyan 


Black 


Example 10 


Good 


1.14 


1.17 


0.63 


1.52 


11 


Good 


1.12 


1.15 


0.62 


1.51 


12 


Good 


1.13 


1.16 


0.62 


1.50 




Claims 

1. A sheet coated with a powdery coating composition comprising a substrate and a porous and continuous resin 
layer provided on the substrate, the resin layer comprising particles of the powdery coating composition having an 
average particle diameter of 0.1 to 30 |im and inorganic fine particles having an average particle diameter of 1 nm 
to 1 urn and dispersed between the particles of powdery coating composition particles to form space at least in part 
therebetween. 

2. The sheet according to claim 1 wherein the powdery coating composition comprises a resin and a colorant. 

3. The sheet according to daim 1 wherein the amount of the inorganic fine particles is within a range from 0.5 to 1 0% 
by weight based on the total amount of the powdery coating composition and the inorganic fine particles. 

4. The sheet according to claim 1 wherein the inorganic fine particles are those of hydrophilic anhydrous silica, alu- 
minum oxide, titanium dioxide or calcium carbonate. 

5. The sheet according to claim 1 wherein the resin is a hydrophobic resin or a mixture of a hydrophobic resin and a 
hydrophilic resin. 

6. The sheet according to claim 1 wherein the substrate is a paper. 

7. A method for producing a sheet coated with a powdery coating composition which comprises mixing a powdery 
coating composition having an average particle diameter of 0.1 to 30 ^m with inorganic fine particles having an 
average particle diameter of 1 nm to 1 ^im to form a powdery mixture, dry-coating the powdery mixture on a sub- 
strate, melting the powdery coating composition by heating, and fixing the melted powdery ooating composition 
together with the inorganic fine particles on the substrate to form a porous and continuous resin layer having the 
inorganic fine particles dispersed between the particles of the powdery coating composition to form space at least 
in part therebetween. 

8. The method for producing a sheet coated with a powdery coating composition accorcfing to claim 7 wherein the 
substrate is a paper. 

9. A method for producing a powdery coating composition which comprises melt-kneading a mixture of hydrophobic 
resin with either a hydrophilic resin or inorganic fine particles having an average particle diameter of 1 to 5 jim, cool- 
ing, grinding, and classifying the resulting melt-kneaded mixture to obtain particles of hydrophobic resin having an 
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average particle diameter of 5 to 20 um, the particles of hydrophobic resin having a portion of the hydrophilic resin 
or hydrophilic inorganic fine particles exposed on the surface thereof. 

10. An image-receiving sheet for an ink-jet recording comprising a sheet coated with a powdery coating composition in 
any one of claims 1 to 6. 

1 1 . An image-receiving sheet for an ink-jet recording comprising a resin layer having a thickness of 1 to 1 00 urn and a 
surface layer comprising inorganic fine particles having an average particle diameter of 1 to 50 nm formed on the 
resin layer, the resin layer comprising particles of powdery coating composition having an average particle diameter 
of 0.1 to 30 um and containing a resin and a colorant. 

12. The image-receiving sheet according to claim 1 1 wherein the resin layer comprises particles of powdery coating 
composition and has space at least in part therebetween. 

13. The image-receiving sheet according to claim 1 1 wherein the inorganic fine particles are hydrophilic. 

14. A method for producing an image-receiving sheet for an ink-jet recording which conprises the steps of dry-coating 
particles of powdery coating composition having an average particle diameter of 0.1 to 30 nm and containing a 
resin and a colorant to form a resin layer on a substrate, forming a surface layer comprising inorganic fine particles 
having an average particle diameter of 1 to 50 nm on the resin layer, fixing the resin layer on the substrate, and fix- 
ing the surface layer comprising the inorganic fine particles on the resin layer. 

15. A method for producing an image-receiving sheet for an ink-jet recording which comprises the steps of dry-coating 
particles of powdery coating composition having an average particle diameter of 0.1 to 30 um and containing a 
resin and a colorant, on a substrate to form a resin layer, thereby obtaining a precursor sheet, forming a surface 
layer comprising inorganic fine particles having an average particle diameter of 1 to 50 nm on the resin layer of the 
precursor sheet to obtain a laminated sheet, and heating the laminated sheet under pressure, thereby to fix the 
resin layer and to fix the surface layer comprising the inorganic fine particles on the resin layer. 

16. An image-receiving sheet for an ink-jet recording comprising a substrate and a porous and continuous resin layer 
provided on the substrate, the resin layer comprising particles of powdery coating composition having an average 
particle diameter of 0.1 to 30 jim and containing a resin and a colorant, and first inorganic fine particles having an 
average particle diameter of 1 nm to 1 am dispersed between the particles of powdery coating composition to form 
space at least in part therebetween, the sheet further comprising a surface layer comprising a second inorganic 
fine particles having an average particle diameter of 1 to 50 nm on the resin layer. 

17. The image-receiving sheet according to claim 16 wherein the amount of the first inorganic fine particles is within a 
range from 0.5 to 10% by weight based on the total amount of the powdery coating composition and the first inor- 
ganic fine particles. 

18. The image-receiving sheet according to claim 16 or 17 wherein the first inorganic fine particles are those of 
hydrophilic anhydrous silica, aluminum oxide, titanium dioxide or calcium carbonate. 

19. The image-receiving sheet according to claim 16 wherein the second inorganic fine particles are those of 
hydrophilic anhydrous silica, aluminum oxide, titanium dioxide or calcium carbonate. 

20. A method for producing an image-receiving sheet for an ink-jet recording which comprises the step of mixing a pow- 
dery coating composition having an average particle diameter of 0.1 to 30 um and containing a resin and a color- 
ant, with first inorganic fine particles having an average particle diameter of 1 nm to 1 urn to form a powdery 
mixture, and dry-coating the powdery mixture on a substrate to form a resin layer, and the step of forming a surface 
layer made of second inorganic fine particles on the resin layer. 

21. The image-receiving sheet according to daim 20 wherein the amount of the first inorganic fine particles is within a 
range from 0.5 to 10% by weight based on the total amount of the powdery coating composition and the first inor- 
ganic fine particles. 

22. The image-receiving sheet according to claim 20 or 21 wherein the first inorganic fine particles are those of 
hydrophilic anhydrous silica, aluminum oxide, titanium dioxide or calcium carbonate. 
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23. The image-receiving sheet according to daim 20 wherein the second inorganic fine particles are those of 
hydrophilic anhydrous silica, aluminum oxide, titanium dioxide or calcium carbonate. 
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FIG. 1 
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7. (new) A method for coating a surface of a web o fcomprising papermaking fibers 
with a coating powder, comprising the steps of: 

forming a coating power from a selected inorganic material and a polymeric binder 

material, wherein the step of forming comprises selecting the polymeric binder 
material such that it has a characteristic glass transition temperature and exhibits a 
rubbery state plateau above the characteristic glass transition temperature, and at 
the glass transition temperature the selected polymeric binder material defines a 
glass t ransition temp e ratur e dynamic modulus, which has a first elastic s to rage 
component G f and a firs t viscous loss component G", wherein the ratio between 
the first elas t ic storag e componen t G T and t he firs t viscous loss component G" 
and the first elastic component G' defines a first loss factor, and wherein when 
the selected polymeric binder material is heated above the characteristic glass 
transition temperature, the selected polymeric binder material defines a second 
dynamic modulus, which has a second elastic s t orage component G 1 and a second 
viscous loss component G" wherein the ratio between the second elas t ic s to rage 
componen t G f and the second viscous loss component G" and the second 
elastic component G 1 defines a second loss factor, and wherein the second loss 
factor is less than or equal to the first loss factor when the temperature is in the a 
rubbery state plateau; 

moving the web between electrodes which are in different potentials; 

applying the coating powder on the surface of the web by utilizing the difference in the 
electric potential; and 

finishing the coated surface of the web in a process which reaches a maximum process 
temperature greater than the characteristic glass transition temperature of the 
selected polymeric binder material. 

8. (new) The method of claim 7, wherein the second loss factor is at the most one in 
the rubbery state plateau. 

9. (new) The method of claim 7, wherein the second loss factor is at the most one 
between the glass transition temperature and the maximum process temperature. 

10. (new) The method of claim 7, wherein the elastic modulus component is at least 
1 .0 x 10 5 Pa in a temperature range which is below the maximum process temperature. 

1 1 . (new) The method of claim 7, wherein the second loss factor in the rubbery state 
plateau is at the most 80 percent of the value of the first loss factor. 

12. (new) The method of claim 1 1 , wherein the second loss factor in the rubbery state 
plateau is at the most 50 percent of the value of the first loss factor. 



13. (new) A method of formulating a paper coating and applying the coating to a 
paper web comprising the steps of: 

selecting a polymeric binder based on the criteria that the polymeric binder has the 
following properties: 

a characteristic glass transition temperature, 

a rubbery state plateau above the characteristic glass transition temperature, 
a dynamic modulus, which has an elastic component and a loss component, 
wherein the ratio of the efastt closs component to the tos selastic 
component defines a loss factor, wherein the loss factor of the polymeric 
binder at a temperature above the glass transition temperature and in the 
rubbery state plateau is less than or equal to the loss factor at the glass 
transition temperature; and 
combining the selected polymeric binder with a selected inorganic material and forming a 

coating powder therefrom; 
moving the paper web between two electrodes at different potentials; 
applying the coating on the surface of the paper web by utilizing the difference in 

potential of the two electrodes; and 
heating the paper web and the coating on the surface of the paper web in a nip formed 
between two rolls, or in a long nip formed between two counter surfaces, to a 
process temperature of between 80-350°C, at a linear load of between 25-450 
kN/m and at a dwell time of between 0.1-100 ms; and wherein the process 
temperature is above the characteristic glass transition temperature. 

1 4. (new) The method of claim 1 3, wherein the loss factor is at most one between the 
glass transition temperature and the maximum process temperature. 

15. (new) The method of claim 13, wherein the elastic modulus component is at least 
1 .0 x 10 5 Pa in a temperature range which is below the maximum process temperature. 

16. (new) The method of claim 13, wherein the loss factor in the rubbery state plateau 
is at the most 80 percent of the value of the loss factor at the glass transition temperature. 

1 7. (new) The method according to claim 16, wherein the loss factor in the rubbery 
state plateau is at the most 50 percent of the value of the loss factor at the glass transition 
temperature. 
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